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Abstract of JP 11072607 (A) 
PROBLEM TO BE SOLVED: To improve the 
transmission efflciency for light by forming an 
aperture array in a metal thin film with periodically 
arranged apertures. SOLUTION: The metal thin film 
or a metal plate 10 having a square array with 
cylindrical apertures 12 consists of, preferable Al, 
Ag, Au or Cr. The diameter of the aperture is (d) and 
the period between apertures, namely, the pitch is 
P. The thickness of the metal thin film or metal plate 
10 is preferably about 0.05 to 10 times of d. The 
aperture 12 is circular in the figure, but other forms 
such as an oval and square may be formed. The 
array is shown as a square array, but other array 
forms such as a triangle is possible. The max. value 
of the zero-order transmission spectrum is 
generated by the wavelength as about 10 times of 
the diameter (d) of each aperture.; The period P of 
the apertures in the array is determined according to 
the wavelength of the incident light so that the 
incident light of the specified wavelength causes 
disturbance in the sur^ce plasmon energy band of 
the metal thin film 10. 
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xj^-^-ym^^tihwmvhmim i tiB«<o» 

u^tcfc{tsfrfeMPi3i±**. ms«o^ft<oAW3K**« 

mtirv^^<^xMit<r)^3,^zybtxms{^ixfzwm 
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PX:W.mtix\<^h7V^b^ 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim l]Have a metal thin film and an array of an opening provided in said metal thin film, and said 
openings in said array. The Takamitsu penetration device arranged the cycle P chosen according to 
wavelength of incident light to said array so that a penetration of light which incident light of 
predetermined wavelength carries out the disturbance of said metal thin film with a surface plasmon 

energy band, and passes each opening of said array might be raised. 

[Claim 2]The Takamitsu penetration device according to claim 1 with which said metal thin film has the 
thickness of an about 0.05 to 10 times as much range as a diameter of said opening. 
[Claim 3]The Takamitsu penetration device according to claim 1 with which said array has the portion 
which lacks said opening. 

[Claim 4]The Takamitsu penetration device according to claim 1 whose cycle of said openings is a cycle 
in which a Fresnel zone lens pattern is formed. 

[Claim 5]The Takamitsu penetration device according to claim 1 in which said opening is a cylindrical 
shape. 

[Claim 6]The Takamitsu penetration device according to claim 1 in which said opening is a slit. 
[Claim 7] An array of an opening provided in a metal thin film characterized by comprising the 
following, and said metal thin film. 

An array arranged the cycle P chosen according to wavelength of incident light to said array so that said 
openings in this array might raise a penetration of light which incident light of predetermined 
wavelength carries out the disturbance of said metal thin film with a surface plasmon energy band, and 
passes each opening of said array. 

A means by which only light of a specified wavelength passes an opening of said array by adjusting an 
angle of said array when light enters into said array at an angle of predetermined. 

[Claim 8]An array of an opening provided in a metal thin film characterized by comprising the 
following, and said metal thin film. 

An array arranged the cycle P chosen according to wavelength of incident light to said array so that said 
openings in this array might raise a penetration of light which incident light of predetermined 
wavelength carries out the disturbance of said metal thin film with a surface plasmon energy band, and 
passes each opening of said array. 

An optical fiber in which light which is arranged in parallel with said opening array, and passes along 
said opening advances into inside. 

[Claim 9]A nearsightedness field optical scan study microscope comprising: 
A light source. 

A probe with which has a fi-ont face which countered said light source and has been arranged in order to 
receive light from said light source, and a metal thin film which has an array of an opening was provided 
on a front face of this. 
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A photodetector for receiving light which passed said metal thin film. 

[Claim 10] A nearsightedness field optical scan study microscope comprising: 
A light source. 

A probe which has the front face combined with said light source since a metal thin film which has an 
array of an opening is provided and it irradiates with light from said opening. 
A detection means which countered said front face and has been arranged in order to receive light 
irradiated from said opening. 

[Claim 1 IjAn array of an opening provided in a metal thin film characterized by comprising the 
following, and said metal thin film. 

An array arranged the cycle P chosen according to wavelength of incident light to said array so that said 
openings in this array might raise a penetration of light which incident light of predetermined 
wavelength carries out the disturbance of said metal thin film with a surface plasmon energy band, and 
passes each opening of said array. 

An actuator means for which said array is made to exercise to a substrate with which it has been 
arranged near said array and photoresist was coated. 

[Claim 12]The device for photo lithography according to claim 1 1 which has further a source of 
polarization light arranged so that light may penetrate an array of said opening in order to draw a line on 
a substrate with which said photoresist arranged near said array was coated. 
[Claim 13]The device for photo lithography according to claim 1 1 in which said opening is a slit. 
[Claim 14]The device for photo lithography according to claim 1 1 whose cycle of said openings is a 
cycle in which a Fresnel zone lens pattern is formed. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[0001] 

[Field of the Invention]This invention relates to improvement of the light transmission which passes 
along such an opening especially about the light transmission which passes the opening array below 
wavelength. 
[0002] 

[Description of the Prior Art] Remarkable concern is held in controlling and using light, i.e., a photon, 
the same with an electron being used for a solid, in order to manufacture all kinds of electron device, or 
performing communication between long distances. Development of the optical fiber and the 
semiconductor laser brought the revolution to the telecommunication industry. An optical system is a 
center section in manufacture of an integrated circuit, data storage, a compact disk, etc. However, 
although use of light has already shown many advantages, in order to fully use the potentia, there will be 
a remarkable problem in the future. For example, it is desirable to design material so that propagation of 
light may take place only in the fixed direction about fixed frequency (namely, photon band gap 
material). The translucent dielectric materials known for impermeableness as an optical band gap 
material or a structure on fixed frequency are obtained by efforts in these directions. When frequency is 
within the limits determined by the band gap, the optical mode can pass material and cannot spread it. 
The limit of such a material is that the material passes the light of near frequency. That is, it is only that 
the material intercepts the frequency of the narrow range in a large spectrum. The light of the frequency 
intercepted and slightly different frequency passes a detector, and may be detected from the ability of 
the photodetector to usually detect the light of a large spectrum. Therefore, it is thought very usefbl to 
have the material or the device which completely operates in a reverse form. That is, it makes only the 
light of the frequency of the narrow range in a large spectrum penetrate selectively. 
[0003] 

[Problem(s) to be Solved by the Invention]this inventions are many fields, such as a field whose 
emission of an optical beam is a problem, or a field with a desirable increase in the light transmission by 
an opening array, or are applied to the field of photo lithography or an optical filter. 
[0004]For example, opto-electronics is related to the communication between optical chips for the 
improvement in calculation speed. Usually, any chip is arranged on the same substrate and the efforts for 
for accumulating the optical laser emitted to the detector on other chips from one chip are made. It is 
synchrotron radiation's not emitting one of the problems which encounter here, but maintaining parallel 
in a distance long enough. It is making it the light reach a desired detector, or enabling it to enter the 
light in the optical fiber bundle to which each fiber is cormected with a predetermined chip or arriving 
point certainly. Emission and penetration of light pose a still larger problem as structure and beam size 
become close to the wavelength of light. 

[0005]The optical image pick-up memory storage which operates in a conventional microscope and 
long-sight field caimot resolve a small form substantially from about l-/the wavelength two of the light 
to be used. In order to solve this resolving problem, the opening quite smaller than the wavelength of 
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probing light has been arranged near a sample, and the nearsightedness field optical scan study 
microscope (NSOM:near-field scanning optical microscope) scanned on that surface was developed. It 
condenses through an opening and a slight light which passed the sample is relayed to a photodetector. 
Or light passes along an opening, passes along a sample, and then is caught by a photodetector. Next, 
the image of a sample is reconstructed by combining the signal in a photodetector, and the position of 
the microscope of the sample upper part. However, the transmissivity falls quickly and the problem at 
the time of using an opening smaller than the wavelength of light is, are proportional to the 4th power, 
i.e. (d/lambda), ^, of the value which broke the radius of the opening by wavelength. Many efforts have 
been paid to producing a good opening like a fiber tip as a result. However, the transmission efficiency 
of these openings is still lower than optimum efficiency several figures. 

[0006]In the chip fabrication industry, the resolution of important photo lithography is also restricted to 
the resolution to about l-/the wavelength two of incident light by another case. Although a smaller 
pattern can be formed in photoresist using the art of a nearsightedness field scanning microscope etc., 
with such art, it will generally become very late fi:om a photoresist pattern being written to each chip. 
Unlike the case of the conventional photo lithography, a pattern cannot be projected using the mask 
which is a standard method of the industry. As mentioned above, the light transmission efficiency which 
passes along an opening smaller thzin the wavelength of a tapered shape optical fiber etc. is dramatically 
small. Since the light of the minimum quantity must be made to have to collide with photoresist and the 
characteristic must be changed, a process becomes still later. 

[0007]In another field of the invention, the filter made from a wire mesh or metallic lattices has been 
widely used for filtering of the light of far infrared spectra (wavelength is 10-800 micrometers). The 
filter has the thin (quite thinner than the wavelength to penetrate) metal wire optically deposited on the 
pure base material. A filter is characterized by the transmission spectrum which has a peak by about 1 .2 
times the cycle of a mesh. The peak is dramatically large and it is common that it is larger than one half 
of the cycles of a mesh. About the mesh filter, research is done broadly and the character is similarly 
explained to be a power line circuit. It is thought that the filter will become far useful if it can be made 
more nearly alternative by narrowing a transmission spectrum. 

[0008]Then, the main purpose of this invention is to make light penetrate very efficiently through the 
opening array in which each opening is quite smaller than one half of the wavelength of light, and to 
carry out light transmission only with the light of a controllable fixed wavelength by the structure of an 
opening array, and arrangement, and there is in conquering an above-mentioned problem and limit. 
[0009] 

[Means for Solving the Problem]This invention provides an opening array below wavelength provided 
in a metal thin film or a thin metal plate in which each opening has the cycle P between openings for the 
diameter d. Such the quality of a light transmittance state of a device is greatly dependent on wavelength 
of light. A penetration of wavelength of light improves in relation to the cycle P. It is thought that the 
penetration which improved is larger than a unit penetration of single openings, and is because a metal 
thin film in which an opening array is formed is involving actively. 

[0010]If an opening is only seen as a geometric-like opening like the former, transmission efficiency 
(defined as having broken transmission intensity by luminous intensity which carries out a direct 
collision to an opening) will be less than 1%. However, in this invention, the transmission efficiency can 
improve substantially and a device obtained can be regarded as a nearsightedness field probe with which 
capability to which the quality of permeability of light of desired wavelength is fitted was added by 
adjusting the interval P, i.e., a cycle, so that it may explain below. This invention is used for fields, such 
as wavelength selection optical filtering (with visible light and a near infi-ared), optical beam 
condensing, a nearsightedness field optical scan study microscope, and photo lithography, as a actual 
effect of this result. [ Especially ] 

[001 IjTherefore, the main purposes of this invention are to provide a new device provided with an 
opening array which raises a penetration of passing light. 

[00 12] Another purpose of this invention is to provide a metal thin film which has an opening array 



http://www4.ipdl.inpit.go.jp/cgi-bin/ti'an_web_cgi_ejje?atw_u=http%3A%2F%2Fv^ww4.ip... 8/12/2009 



JP,1 1-072607, A [DETAILED DESCRIPTION] 



Page 3 of 6 



which raises a penetration of passing light. 

[0013]Another purpose of this invention becomes clearer by the following explanation, using an 

attached drawing together. 

[0014] 

[Embodiment of the Invention] Reference of drawing 1 will show the metal thin film or the thin metal 
plate 10 which has a rectangle array of the cylindrical opening 12 (the scale is not shown). What kind of 
metal may the metal be, and is aluminum, Ag, Au, or Cr preferably. The diameter of the opening 12 is d 
and it is P, the cycle, i.e., the pitch, between openings. The thickness of a metal thin film or the metal 
plate 10 is an about 0.05 to 10 times as much range as an opening diameter preferably. The intensity of 
incident light is Ij^cident luminous intensity after passing the opening 12 is Ipytpuf Although 

drawing 1 has shown the thin metal plate which is not supported,. the metal thin film deposited on 
substrates, such as glass or quartz, is also thought out by this invention. Although shown as the opening 
12 being circular, other shape, such as an ellipse form or a rectangle, can also be taken, for example. 
Although the array is shown as a rectangle array, unless it deviates fi-om the contents of this invention, 
other opening array shape, such as a triangle, is possible. 

[0015]the clear zero which have a peak with this clear opening array ~ next transmission spectrum is 
shovm. The maximum is produced for the diameter d about 10 times the wavelength of each opening 12. 
Transmissivity is farther [ than what is expected from the conventional theory ] high. It is shown by our 
experiment that the unique optical property is probably what is depended on combination with the 
surface plasmon of a periodic rectangular opening array and the incident light in metal. The combination 
becomes very strong on larger incident light wavelength than the cycle P. The dispersion curve 
reflecting the structure of surface plasmon distribution is obtained from the peak position of the 
transmission spectrum as a fimction of an incidence angle. An opening array is considered to disturb 
metaled character to such an extent that it produces the clear surface plasmon energy band structure 
which has a gap. What this invention person etc. consider that is the cause of the improvement in 
transmissivity which passes each opening is the surface plasmon energy band. Other phenomena, such 
as diffraction or interference by an array configuration, may have contributed to the improvement in 
transmissivity. 

[00 16] As a modification of the structure shown in drawing 1 , the two-dimensional array of the 
cylindrical opening was produced and analyzed to the metal thin film. For example, the t= 0.2- 
micrometer-thick silver film was made to deposit by vacuum evaporation on a quartz glass substrate or a 
glass substrate. The opening which penetrates a thin film was formed by sputtering which uses the 
microphone Rion (Micrion) focused ion beam (FIB) system 9500 (the Ga ion of 50keV, nominal spot 
diameter of 5 nm). The diameter d of each hole was fluctuated at 150 nm - 1 micrometer, and the 
distance P between holes of the rectangle array was fluctuated at 0.6-1.8 micrometers. The zero 
following transmission spectrum was recorded using the Gary (Gary) 2 UV-NIR spectrophotometer 
which has a noninterfering light source. A penetration, diffraction, and another examination about 
reflective character were done on the optical bench which uses a coherent light source, the typical zero 
about the rectangle array of the 150-nm opening provided in the 200-nm-thick Ag film in a 0.9- 
micrometer pitch at drawing 2 - next transmission spectrum is shown. This spectrum shows many clear 
features. On the wavelength of 326 nm, a narrow silver bulk plasmon peak is accepted, a thin film takes 
it for becoming thick, and it disappears. This is considered to be an unexpected result and to be a result 
of resonance excitation in partial plasmon mode. Wavelength takes for becoming long and becomes 
strong gradually, and even if the peak exceeds the pitch P, it becomes strong still more gradually. 
[0017]There is no diffraction also from the array of each [ opening array ] in long wavelength. It can 
accept that a primary diffraction spot passes through the surface as wavelength becomes large toward 
the pitch P. The maximum transmission intensity is in 1370 nm, and is about 10 times the diameter of 
each hole in £in array. The absolute transmission efficiency calculated by breaking the portion of a 
transmitted light by the surface area portion occupied by the hole is larger than 2 at the maximum. That 
is, light with more light which carried out the direct collision to the opening than twice is penetrating 
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from the opening array. The transmissivity of an opening array becomes high Unearly in connection with 
the surface area of a hole. 

[0018]This result from it being expected that the penetration of a single below wavelength opening is 
proportional to (d/lanibda)4 ^^^^ of a hole 150 nm in diameter. Estimated transmission efficiency is 

contrastive with the potential result of being in the order of 10'^ (H. A.Bethe, Theory of Diffraction by 
Small Holes, Physical Reviews 66, 163-82, 1944 references), the zero from one lattice ~ it is expected 
that monotone decreasing of the intensity of next penetration is carried out as wavelength becomes long 
(M. refer to Bom & E.Wolf, Principles of Optics, Pergamon Press, and Oxford 1980). (1-1/Iambda) 
Therefore, the opening array itself is an active element and this invention gives the result which shows 
that it is not the passive geometric-like object which is only in the passage of the incident beam of light. 
[0019] Drawing 3 shows the curve of the transmission intensity as a function of the wavelength/cycle 
about various metal. A solid line is an opening diameter [ of 150 nm ], and pitch 0.6micrometer 
[ between openings ] 200nmAg thin film, a dashed line is an opening diameter [ of 350 nm ], and pitch 
1 .Omicrometer [ between openings ] 300imiAu thin film, and a dashed dotted line is an opening diameter 
[ of 500 nm ], and pitch 1 .Omicrometer [ between openings ] lOOnmCr thin film. The peak is produced 
with regards to the pitch between openings, and it is independent of metal (example: aluminum, Ag, Cr, 
Au), an opening diameter, and thickness. It depends for peak width to the aspect ratio (what broke t/d, 
i.e., metal membrane thickness, by the opening diameter) of a pillar hole strongly. If in the case of 
t/d=0.2 a peak is dramatically large and an aspect ratio becomes close to 1, sharpness will sen'c as the 
maximum. A spectrum changes substantially with the geometrical form of an opening like [ in case an 
array is a square or a triangle, for example ]. The spectrum is the same irrespective of whether an optical 
exposure is from the metal side, or it is from the substrate side of an array. The high transmissivity 
spectrum is decided by the angle of the incident light to an opening array. The spectrum measured when 
the degree of incidence angle was changed into drawing 4 by a xmit of 2 times between the angles of 0 to 
20 degrees is shown. Intensity changes and a peak is divided into the new peak which moves in the 
opposite direction mutually. 

[0020]By this angular dependence effect, a new wavelength selection filter as shown in drawing 5 is 
obtained. By adjusting the angle theta of the base material 50 and adjusting the angle of the opening 
array 52, the wavelength in which light has a peak as a function of an angle came to have shown 
drawin g 4. By using this character, the filter which has an opening array of the metal thin film gestalt 
adjusted about the predetermined degree of incidence angle can be formed. The filter can be used about 
long wave length from ultraviolet radiation, visible light, and it. the advantage of the arrangement ~ zero 
- it is the point that only the following light penetrates and only the light of the wavelength equivalent 
to the degree of incidence angle measured by the angle theta penetrates. 
[0021]This opening array has the high wavelength selectivity as a filter as compared with the 
conventional mesh array. Unlike the photon band belt array material is passive and semipermeability, 
except for the case of the energy in a gap, this invention provides the material which is impermeableness 
with all the wavelength on all the wavelength except the wavelength which combination produces. 
[ array ] 

[0022]Another application of this invention is a thing as an optical beam condenser shown in drawing 6 . 
The light 60 enters into the cylindrical opening 61 provided in the metal thin film 62 deposited on the 
substrate 63. After passing the array of the opening 61, he follows a converged beam to the optical fiber 
65 of the fiber bundle arranged in parallel with the opening 61, or a fiber array. The luminous intensity 
which passes an opening array and advances into the optical fiber 65 becomes high by this invention. 
Although the aspect ratio of the opening 61 is not important, the pitch P between openings is important 
for determining the wavelength of high condensing as shown in drawing 6 . It is difficult to draw light in 
the fiber below wavelength conventionally, and a complicated lens and alignment apparatus were used 
for drawing light. In this invention, since an opening penetrates much light from opening surface area, a 
metal opening array performs work like a condenser. Therefore, combination of the light to a below 
wavelength fiber is performed efficientiy. 
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[0023] Another application of an opening array can be set in a nearsightedness field optical scan study 
microscope. The general arrangement used under a nearsightedness field optical scan study microscope 
is shown in drawing 7 (a). The light source 70 gives off light among a figure, the light penetrates the 
sample 71 supported by the base material, and it enters into the scanning chip 72 which acts as a 
condenser. According to this invention, in order to raise the luminous intensity which a probe receives 
for NSOM signal processing of ****** performed continuously to the front face 73 of the scanning chip 
72, the opening 74 ( drawing 7 (b)) below the wavelength of two or more pieces is formed in the metal 
thin layer coating on the firont face 73. Coating is Ag, and this arrangement is the most effective when 
helium-Cd laser is the light source 70. In drawing 8, the light discharged from the end of the probe 75 
through the opening 76 where a probe works as a light source, and which has it in the front face 77 
penetrates the sample 71, reaches the photodetector 78, and receives well-known signal processing. In 
drawing 8 , by forming the two or more openings 76 in the front face 77 of the end of the probe 75, the 
sample 71 is penetrated from the end of the probe 75, and the light condensed with the photodetector 78 
next increases. 

[0024]In another application of this invention shown in drawing 9 , the new mask for performing the 
photo lithography below wavelength can be obtained in arranging a very small opening to a metallic 
mask using the high transmission efficiency of an opening array. By projecting the light 80 which has 
the quite larger wavelength lambda than the diameter of an opening through the opening 81 provided in 
a metal plate or a metal thin film deposited on the substrate 82, the lithography structure of having shape 
quite smaller than lambda/2 can be acquired. 

[0025]In order to acquire the image of the line width below the wavelength of the 2-way shown in the 
form of the character H, as an example on the substrate 83 which coated the photosensitive material as 
shown in drawing 9 (a), "Image formation" of a x direction and a y direction is performed to the 
photosensitive material which only the distance decided by wavelength of light detached the opening 81, 
and coated it on the substrate 83. In order to draw a line on a x direction, polarization of a x direction is 
made to penetrate through an opening array. The light which polarized to the x direction does not pass 
the line of a y direction. The actuator 84 is used for a mask and a substrate and they are made to perform 
the cycle between openings, i.e., one half of relative direct-acting movements of a pitch, to a x direction. 
Since only the thin film has an opening, a line can be drawn only when the opening 81 moves in the 
direction of a straight-line course to the substrate 83. Subsequently, the procedure is repeated about the 
line of a y direction using polarization and the actuator 85 of a y direction. The substrate 83 which has 
the character of H written to photoresist coating is shown in drawing 9 (b). 

[0026]In another photolithography device, it replaced with the opening 81 provided in the metal thin 
film mask, and the parallel slit is provided. Dra wing 10 is a graph of the transmission efficiency 
(^output^ incident) ^ fijnction of wavelength about the aluminum thin film which has a parallel slit 0. 15 
micrometer in width, and 40 micrometers in length arranged in a 0.6-micrometer pitch. Incident light 
polarizes 90 degrees at the flat surface which crosses the major axis of a slit. The mask and light which 
have a slit are used like the case of an opening mask. The necessity of moving a mask to a substrate by 
using the slit of length sufficient with a natural thing is avoidable. 

[0027]In another device, light is brought together in the focus of a lens by arranging an opening to a 
metal thin film by the pattern of a Fresnel zone lens. The mask which has an opening follows the motion 
explained in relation to the opening mask of drawing 9 (a). Although the opening pattern in a thin film is 
similar to the rectangle array, an opening is only in the position of tiie rectangle array equivalent to a 
Fresnel zone lens pattern. 

[0028]The line below wavelength can be drawn not using a deep ultra-violet light source and an X ray 
light source, but enabling use of the conventional photoresist simultaneously by using an opening array 
which explained photo lithography. 

[0029]It is possible to perform change and improvement of an opening array, without hardly affecting 
die penetration of the light which passes along an opening. For example, it is a square array which 
becomes the metal thin film 102 from the 25 openings 100, and the thing vidthout one opening, i.e., a 
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central opening, is shown in drawing 1 1 . 

[0030] Drawing 12 is an array by which an opening 0.5 micrometer in diameter is arranged in a 1- 
micrometer pitch at the 0.1 -micrometer-thick chrome thin film, and is a graph of the transmission 
intensity as a function of wavelength about what does not have one opening, i.e., a central opening, as 
shown in drawing 1 1 in an array. 

[0031]In drawing 13, the repeated pattern with the seven openings 1 12 provided in the metal thin film 
1 14 of the group 1 10 is arranged at intervals of the distance D. Drawin g 14 is a graph of the 
transmission intensity as a function of the wavelength about an opening array as shown in drawing 13 , 
and in this case, an opening is a thing with a diameter of 0.5 micrometer arranged in a 1 -micrometer 
pitch, and the interval D between groups is 5 micrometers, and is provided in the chrome thin film 
whose they are 0. 1 micrometer in thickness. 

[0032]Those graphs show that the result as a square opening array with same array of opening patterns 
other than the array which lacks the opening, or a rectangle array is given. Although these figures have 
shown that light has entered into the metallic thin film surface of the substrate which has metallic 
coating on one side, the same result is obtained also when entering light in a substrates face opposite to a 
metal thin film. 

[0033]As mentioned above, although explained and illustrated about the opening array provided in the 
metal thin film or the thin metal plate used by a certain kind of field of the invention, Unless it deviates 
from the pneuma of this invention, and the contents in a broad sense, change and improvement will be 
possible, and probably, it will be clear to a person skilled in the art that this invention is what should be 
limited to this specification by only the attached claim. 
[0034] 

[Effect of the lnvention]In the Takamitsu penetration device which has the metal thin film in which the 
array of the opening was provided according to this invention as explained above. The transmission 
efficiency of light can be substantially raised by setting up the array cycle of openings according to the 
wavelength of incident light, so that the incident light of predetermined wavelength may cany out the 
disturbance of the metal thin film with a svirface plasmon energy band. 

[0035]Therefore, by using the metal thin film in which such an opening array was provided, A light 
filter with high wavelength selectivity, a beam condensing unit which can perform optical coupling to an 
optical fiber efficiently, To the nearsightedness field scanning microscope and pan which the light which 
the luminous intensity which a probe receives improves more, or is condensed by a detection means 
increased. Though the conventional photoresist is made usable, neither a deep ultra-violet light source 
nor an X ray light source can be used, but the photolithography device which can draw the line below 
wavelength can be attained. 
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* NOTICES* 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2,**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



TECHNICAL FIELD 



[Field of the InventionJThis invention relates to improvement of the light transmission which passes 
along such an opening especially about the light transmission which passes the opening array below 
wavelength. 
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* NOTICES* 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



PRIOR ART 



[Description of the Prior Art]Remarkable concern is held in controlling and using light, i.e., a photon, 
the same with an electron being used for a solid, in order to manufacture all kinds of electron device, or 
performing communication between long distances. Development of the optical fiber and the 
semiconductor laser brought the revolution to the telecommunication industry. An optical system is a 
center section in manufacture of an integrated circuit, data storage, a compact disk, etc. However, 
although use of light has already shown many advantages, in order to fully use the potentia, there will be 
a remarkable problem in the future. For example, it is desirable to design material so that propagation of 
light may take place only in the fixed direction about fixed frequency (namely, photon band gap 
material). The translucent dielectric materials known for impermeableness as an optical band gap 
material or a structure on fixed frequency are obtained by efforts in these directions. When frequency is 
within the limits determined by the band gap, the optical mode can pass material and cannot spread it. 
The limit of such a material is that the material passes the light of near frequency. That is, it is only that 
the material intercepts the frequency of the narrow range in a large spectrum. The light of the frequency 
intercepted and slightly different frequency passes a detector, and may be detected from the ability of 
the photodetector to usually detect the light of a large spectrum. Therefore, it is thought very useflil to 
have the material or the device which completely operates in a reverse form. That is, it makes only the 
light of the frequency of the narrow range in a large spectrum penetrate selectively. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Inventionjthis inventions are many fields, such as a field whose 
emission of an optical beam is a problem, or a field with a desirable increase in the light transmission by 
an opening array, or are applied to the field of photo lithography or an optical filter. 
[0004]For example, opto-electronics is related to the communication between optical chips for the 
improvement in calculation speed. Usually, any chip is arranged on the same substrate and the efforts for 
for accumulating the optical laser emitted to the detector on other chips from one chip are made. It is 
synchrotron radiation's not emitting one of the problems which encounter here, but maintaining parallel 
in a distance long enough, It is making it the light reach a desired detector, or enabling it to enter the 
light in the optical fiber bundle to which each fiber is connected with a predetermined chip or arriving 
point certainly. Emission and penetration of light pose a still larger problem as structure and beam size 
become close to the wavelength of light. 

[0005]The optical image pick-up memory storage which operates in a conventional microscope and 
long-sight field caimot resolve a small form substantially from about l-/the wavelength two of the light 
to be used. In order to solve this resolving problem, the opening quite smaller than the wavelength of 
probing light has been Eirranged near a sample, and the nearsightedness field optical scan study 
microscope (NSOM:near-field scarming optical microscope) scanned on that surface was developed. It 
condenses through an opening and a slight light which passed the sample is relayed to a photodetector. 
Or light passes along an opening, passes along a sample, and then is caught by a photodetector. Next, 
the image of a sample is reconstructed by combining the signal in a photodetector, and the position of 
the microscope of the sample upper part. However, the transmissivity falls quickly and the problem at 
the time of using an opening smaller than the wavelength of light is, are proportional to the 4th power, 
i.e. (d/lambda), ^, of the value which broke the radius of the opening by wavelength. Many efforts have 
been paid to producing a good opening like a fiber tip as a result. However, the transmission efficiency 
of these openings is still lower than optimum efficiency several figures. 

[0006]In ttie chip fabrication industry, the resolution of important photo lithography is also restricted to 
the resolution to about l-/the wavelength two of incident light by another case. Although a smaller 
pattern can be formed in photoresist using the art of a nearsightedness field scanning microscope etc., 
with such art, it will generally become very late from a photoresist pattern being written to each chip. 
Unlike the case of the conventional photo lithography, a pattern cannot be projected using the mask 
which is a standard method of the industry. As mentioned above, the light transmission efficiency which 
passes along an opening smaller than the wavelength of a tapered shape optical fiber etc. is dramatically 
small. Since the light of the minimum quantity must be made to have to collide with photoresist and the 
characteristic must be changed, a process becomes still later. 

[0007]In another field of the invention, the filter made fi-om a wire mesh or metallic lattices has been 
widely used for filtering of the light of far infi-ared spectra (wavelength is 10-800 micrometers). The 
filter has the thin (quite thirmer than the wavelength to penetrate) metal wire optically deposited on the 
pure base material. A filter is characterized by the transmission spectrum which has a peak by about 1 .2 
times the cycle of a mesh. The peak is dramatically large and it is common that it is larger than one half 
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of the cycles of a mesh. About the mesh filter, research is done broadly and the character is similarly 
explained to be a power line circuit. It is thought that the filter will become far useful if it can be made 
more nearly alternative by narrowing a transmission spectrum. 

[0008]Then, the main purpose of this invention is to make light penetrate very efficiently through the 
opening array in which each opening is quite smaller than one half of the wavelength of light, and to 
carry out light transmission only with the light of a controllable fixed wavelength by the structure of an 
opening array, and arrangement, and there is in conquering £in above-mentioned problem and limit. 



[Translation done.] 
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MEANS 



[Means for Solving the ProblemJThis invention provides an opening array below wavelength provided 
in a metal thin film or a thin metal plate in which each opening has the cycle P between openings for the 
diameter d. Such the quality of a light transmittance state of a device is greatly dependent on wavelength 
of light. A penetration of wavelength of light improves in relation to the cycle P. It is thought that the 
penetration which improved is larger than a unit penetration of single openings, and is because a metal 
thin film in which an opening array is formed is involving actively. 

[OOlOJlf an opening is only seen as a geometric-like opening like the former, transmission efficiency 
(defined as having broken transmission intensity by luminous intensity which carries out a direct 
collision to an opening) will be less than 1%. However, in this invention, the transmission efficiency can 
improve substantially and a device obtained can be regarded as a nearsightedness field probe with which 
capability to which the quality of permeability of light of desired wavelength is fitted was added by 
adjusting the interval P, i.e., a cycle, so that it may explain below. This invention is used for fields, such 
as wavelength selection optical filtering (with visible light and a near infrared), optical beam 
condensing, a nearsighteiiess field optical scan study microscope, and photo lithography, as a actual 
effect of this result. [ Especially ] 

[GDI l]Therefore, the main purposes of this invention are to provide a new device provided with an 
opening array which raises a penetration of passing light. 

[00 12] Another purpose of this invention is to provide a metal thin film Avhich has an opening array 
which raises a penetration of passing light. 

[00 13] Another purpose of this invention becomes clearer by the following explanation, using an 

attached drawing together. 
[0014] 

[Embodiment of the Invention] Reference of drawin g 1 will show the metal thin film or the thin metal 
plate 10 which has a rectangle array of the cylindrical opening 12 (the scale is not shown). What kind of 
metal may the metal be, and is aluminum, Ag, Au, or Cr preferably. The diameter of the opening 12 is d 
and it is P, the cycle, i.e., the pitch, between openings. The thickness of a metal thin film or the metal 
plate 10 is an about 0.05 to 10 times as much range as an opening diameter preferably. The intensity of 
incident light is Ij^cident ™^ luminous intensity after passing the opening 12 is lou^puf Although 
dra wing 1 has shown the thin metal plate which is not supported, the metal thin film deposited on 
substrates, such as glass or quartz, is also thought out by this invention. Although showai as the opening 
12 being circular, other shape, such as an ellipse form or a rectangle, can also be taken, for example. 
Although the array is shown as a rectangle array, imless it deviates fi-om the contents of this invention, 
other opening array shape, such as a triangle, is possible. 

[0015]the clear zero which have a peak with this clear opening array ~ next transmission spectrum is 
shown. The maximum is produced for the diameter d about 1 0 times the wavelength of each opening 12. 
Transmissivity is farther [ than what is expected from the conventional theory ] high. It is shown by our 
experiment that the unique optical property is probably what is depended on combination with the 
surface plasmon of a periodic rectangular opening array and the incident light in metal. The combination 
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becomes very strong on larger incident light wavelength than the cycle P. The dispersion curve 
reflecting the structure of surface plasmon distribution is obtained from the peak position of the 
transmission spectrum as a function of an incidence angle. An opening array is considered to disturb 
metaled character to such an extent that it produces the clear surface plasmon energy band structure 
which has a gap. What this invention person etc. consider that is the cause of the improvement in 
transmissivity which passes each opening is the surface plasmon energy band. Other phenomena, such 
as diffraction or interference by an Eirray configuration, may have contributed to the improvement in 
transmissivity. 

[00 16] As a modification of the structure shown in drawing 1 , the two-dimensional array of the 
cylindrical opening was produced and analyzed to the metal thin film. For example, the t= 0.2- 
micrometer-thick silver film was made to deposit by vacuum evaporation on a quartz glass substrate or a 
glass substrate. The opening which penetrates a thin film was formed by sputtering which uses the 
microphone Rion (Micrion) focused ion beam (FIB) system 9500 (the Ga ion of 50keV, nominal spot 
diameter of 5 nm). The diameter d of each hole was fluctuated at 150 imi - 1 micrometer, and the 
distance P between holes of the rectangle array was fluctuated at 0.6-1 .8 micrometers. The zero 
following transmission spectrum was recorded using the Gary (Gary) 2 UV-NIR spectrophotometer 
which has a noninterfering light source. A penetration, diffraction, and another examination about 
reflective character were done on the optical bench which uses a coherent light source, the typical zero 
about the rectangle array of the 150-nm opening provided in the 200-nm-thick Ag film in a 0.9- 
micrometer pitch at drawing 2 -- next transmission spectrum is shown. This spectrum shows many clear 
features. On the wavelength of 326 run, a narrow silver bulk plasmon peak is accepted, a thin film takes 
it for becoming thick, and it disappears. This is considered to be an unexpected result and to be a result 
of resonance excitation in partial plasmon mode. Wavelength takes for becoming long and becomes 
strong gradually, and even if the peak exceeds the pitch P, it becomes strong still more gradually. 
[0017]There is no diffraction also from the array of each [ opening array ] in long wavelength. It can 
accept that a primary diffraction spot passes through the surface as wavelength becomes large toward 
the pitch P, TTie maximum transmission intensity is in 1370 nm, and is about 10 times the diameter of 
each hole in an array. The absolute transmission efficiency calculated by breaking the portion of a 
transmitted light by the surface area portion occupied by the hole is larger than 2 at the maximum. That 
is, light with more light which carried out the direct collision to the opening than twice is penetrating 
from the opening array. The transmissivity of an opening array becomes high linearly in connection with 
the surface area of a hole. 

[0018]This result from it being expected that the penefration of a single below wavelength opening is 
proportional to (d/lambda)4 ^y^^ 

case of a hole 1 50 nm in diameter. Estimated transmission efficiency is 
contrastive with the potential result of being in the order of lO'-^ (H. A.Bethe, Theory of Diffraction by 
Small Holes, Physical Reviews 66, 163-82, 1944 references), the zero from one lattice ~ it is expected 
that monotone decreasing of the intensity of next penetration is carried out as wavelength becomes long 
(M. refer to Bom & E.Wolf, Principles of Optics, Pergamon Press, and Oxford 1980). (I-l/lambda) 
Therefore, the opening array itself is an active element and this invention gives the result which shows 
that it is not the passive geometric-like object which is only in the passage of the incident beam of light. 
[0019] Drawing 3 shows the curve of the transmission intensity as a function of the wavelength/cycle 
about various metal. A solid line is an opening diameter [ of 150 run ], and pitch 0.6micrometer 
[ between openings ] 200nmAg thin film, a dashed line is an opening diameter [ of 350 nm ], and pitch 
1 .Omicrometer [ between openings ] 300nmAu thin film, and a dashed dotted line is an opening diameter 
[ of 500 imi ], and pitch 1 .Omicrometer [ between openings ] lOOnmGr thin film. The peak is produced 
with regards to the pitch between openings, and it is independent of metal (example: aluminum, Ag, Cr, 
Au), an opening diameter, and thickness. It depends for peak width to the aspect ratio (what broke t/d, 
i.e., metal membrane thickness, by the opening diameter) of a pillar hole strongly. If in the case of 
t/d=0.2 a peak is dramatically large and an aspect ratio becomes close to 1, sharpness will serve as the 
maximum. A spectrum changes substantially with the geometrical form of an opening like [ in case an 
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array is a square or a triangle, for example ]. The spectrum is the same irrespective of whether an optical 
exposure is from the metal side, or it is from the substrate side of an array. The high transmissivity 
spectrum is decided by the angle of the incident light to an opening array. The spectrum measured when 
the degree of incidence angle was changed into drawing 4 by a unit of 2 times between the angles of 0 to 
20 degrees is shown. Intensity changes and a peak is divided into the new peak which moves in the 
opposite direction mutually. 

[0020]By this angular dependence effect, a new wavelength selection filter as shown in drawing 5 is 
obtained. By adjusting the angle theta of the base material 50 and adjusting the angle of the opening 
array 52, the wavelength in which light has a peak as a function of an angle came to have shown 
drawing 4 . By using this character, the filter which has an opening array of the metal thin film gestah 
adjusted about the predetermined degree of incidence angle can be formed. The filter can be used about 
long wave length from ultraviolet radiation, visible light, and it. the advantage of the arrangement - zero 
~ it is the point that only the following light penetrates and only the light of the wavelength equivalent 
to the degree of incidence angle measured by the angle theta penetrates. 
[0021]This opening array has the high wavelength selectivity as a filter as compared with the 
conventional mesh array. Unlike the photon band belt array material is passive and semipermeability, 
except for the case of the energy in a gap, this invention provides the material which is impermeableness 
with all the wavelength on all the wavelength except the wavelength which combination produces. 
[ array ] 

[0022] Another application of this invention is a thing as an optical beam condenser shown in drawing 6 . 
The light 60 enters into the cylindrical opening 61 provided in the metal thin film 62 deposited on the 
substrate 63. After passing the array of the opening 61, he follows a converged beam to the optical fiber 
65 of the fiber bundle arranged in parallel with the opening 61, or a fiber array. The luminous intensity 
which passes an opening array and advances into the optical fiber 65 becomes high by this invention. 
Although the aspect ratio of the opening 61 is not important, the pitch P between openings is important 
for determining the wavelength of high condensing as shown in drawing 6. It is difficult to draw light in 
the fiber below wavelength conventionally, and a complicated lens and alignment apparatus were used 
for drawing light. In this invention, since an opening penetrates much light from opening surface area, a 
metal opening array performs work like a condenser. Therefore, combination of the light to a below 
wavelength fiber is performed efficiently. 

[0023]Another application of an opening array can be set in a nearsightedness field optical scan study 
microscope. The general arrangement used under a nearsightedness field optical scan study microscope 
is shown in drawing 7 (a). The light source 70 gives off light among a figure, the light penetrates the 
sample 71 supported by the base material, and it enters into the scanning chip 72 which acts as a 
condenser. According to this invention, in order to raise the luminous intensity which a probe receives 
for NSOM signal processing of ****** performed continuously to the fi-ont face 73 of the scanning chip 
72, the opening 74 ( drawing 7 (b)) below the wavelength of two or more pieces is formed in the metal 
thin layer coating on the front face 73. Coating is Ag, and this arrangement is the most effective when 
helium-Cd laser is the light source 70. In dr awing 8 . the light discharged from the end of the probe 75 
through the opening 76 where a probe works as a light source, and which has it in the front face 77 
penetrates the sample 71, reaches the photodetector 78, and receives well-known signal processing. In 
drawin g 8, by forming the two or more openings 76 in the front face 77 of the end of the probe 75, the 
sample 71 is penetrated from the end of the probe 75, and the light condensed with the photodetector 78 
next increases. 

[0024] In another application of this invention shown in drawing 9 , the new mask for performing the 
photo lithography below wavelength can be obtained in arranging a very small opening to a metallic 
mask using the high transmission efficiency of an opening array. By projecting the light 80 which has 
the quite larger wavelength lambda than the diameter of an opening through the opening 81 provided in 
a metal plate or a metal thin film deposited on the substrate 82, the lithography structure of having shape 
quite smaller than lambda/2 can be acquired. 

[0025]In order to acquire the image of the line width below the wavelength of the 2-way shown in the 
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form of the character H, as an example on the substrate 83 which coated the photosensitive material as 
shown in drawing 9 (a), "Image formation" of a x direction and a y direction is performed to the 
photosensitive material which only the distance decided by wavelength of light detached the opening 81, 
and coated it on the substrate 83. In order to draw a line on a x direction, polarization of a x direction is 
made to penetrate through an opening array. The light which polarized to the x direction does not pass 
the line of a y direction. The actuator 84 is used for a mask and a substrate and they are made to perform 
the cycle between openings, i.e., one half of relative direct-acting movements of a pitch, to a x direction. 
Since only the thin film has an opening, a line can be drawn only when the opening 81 moves in the 
direction of a straight-line course to the substrate 83. Subsequently, the procedure is repeated about the 
line of a y direction using polarization and the actuator 85 of a y direction. The substrate 83 which has 
the character of H written to photoresist coating is shown in drawing 9 (b). 

[0026]In another photolithography device, it replaced with the opening 81 provided in the metal thin 
film mask, and the parallel slit is provided. Drawing 1 0 is a graph of the transmission efficiency 
(^output'^incident) ^ function of wavelength about the aluminum thin film which has a parallel slit 0. 1 5 
micrometer in width, and 40 micrometers in length arranged in a 0.6-micrometer pitch. Incident light 
polarizes 90 degrees at the flat surface which crosses the major axis of a slit. The mask and light which 
have a slit are used like the case of an opening mask. The necessity of moving a mask to a substrate by 
using the slit of length sufficient with a natural thing is avoidable. 

[0027]In another device, light is brought together in the focus of a lens by arranging an opening to a 
metal thin film by the pattern of a Fresnel zone lens. The mask which has an opening follows the motion 
explained in relation to the opening mask of drawing 9 (a). Although the opening pattern in a thin film is 
similar to the rectangle array, an opening is only in the position of the rectangle array equivalent to a 
Fresnel zone lens pattern. 

[0028]The line below wavelength can be drawn not using a deep ultra-violet light source and an X ray 
light source, but enabling use of the conventional photoresist simultaneously by using an opening array 
which explained photo lithography. 

[0029]It is possible to perform change and improvement of an opening array, without hardly affecting 
the penetration of the light which passes along an opening. For example, it is a square array which 
becomes the metal thin film 102 from the 25 openings 100, and the thing without one opening, i.e., a 
central opening, is shown in drawing 1 1 . 

[0030] Drawing 12 is an array by which an opening 0.5 micrometer in diameter is arranged in a 1- 
micrometer pitch at the 0.1 -micrometer-thick chrome thin film, and is a graph of the transmission 
intensity as a fiinction of wavelength about what does not have one opening, i.e., a central opening, as 
shown in drawing 1 1 in an array. 

[0031]In drawing 13 , the repeated pattern with the seven openings 112 provided in the metal thin film 
114 of the group 1 10 is arranged at intervals of the distance D. Drawing 14 is a graph of the 
transmission intensity as a function of the wavelength about an opening array as shown in drawin g 13 , 
and in this case, an opening is a thing with a diameter of 0.5 micrometer arranged in a 1 -micrometer 
pitch, and the interval D between groups is 5 micrometers, and is provided in the chrome thin film 
whose they are 0. 1 micrometer in thickness. 

[0032]Those graphs show that the result as a square opening array with same array of openirig patterns 
other than the array which lacks the opening, or a rectangle array is given. Although these figures have 
shown that light has entered into the metallic thin film surface of the substrate which has metallic 
coating on one side, the same result is obtained also when entering light in a substrates face opposite to a 
metal thin film. 

[0033]As mentioned above, although explained and illustrated about the opening array provided in the 
metal thin film or the thin metal plate used by a certain kind of field of the invention. Unless it deviates 
from the pneuma of this invention, and the contents in a broad sense, change and improvement will be 
possible, and probably, it will be clear to a person skilled in the art that this invention is what should be 
limited to this specification by only the attached claim. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing l] It is a perspective view of the opening array provided in the thin film material by this 
invention. 

[Drawin g 2]the zero about the rectangular opening array in a metal thin film ~ it is a graph which shows 
next transmission spectrum. 

[Drawing 3] It is the graph which was normalized to the cycle P about various metal and an opening 
array gestalt and which shows the transmission intensity as a function of wavelength. 
[Drawing 4] It is a graph which shows the incident light angular dependence about the penetration of the 
light which passes along an opening array. 

[Drawing 5] It is a mimetic diagram of the Ught filter by this invention. 

[Drawing 6] It is a figure showing the opening array used with the condenser by this invention. 

[Drawing 7] It is a figure of the near-field light study scanning microscope by this invention, and the 

figure showing the near-field light study scarming microscope tip where (a) counters a sample and a 

light source, and (b) are the enlarged drawings of the fi:ont face at the tip of (a). 

[Drawing 8] It is a figure showing the near-field light study scaiming microscope tip which counters a 

sample and a photodetector. 

[Drawing 9] It is a figure of photo lithography, and (a) shows the opening array on the metal thin film 
used by photo lithography, and (b) shows the substrate with which the line is drawn on the surface. 
[Drawing 10] It is a graph which shows the transmission efficiency as a function of wavelength about the 
thin film material which has a parallel slit. 

[Drawing 1 Ij it is a top view figure of other examples of the opening array of the rectangle by this 
invention. 

[ Drawing 12] It is a graph which shows the transmission intensity as a fiinction of wavelength about the 
opening array shown in drawing 1 1 . 

[Drawing 13] It is a top view of the example of fiirther others of the opening array of the rectangle by 
this invention. 

[Drawing 14] It is a graph which shows the transmission intensity as a function of wavelength about the 

opening array shown in drawing 13 . 

[Description of Notations] 

10 metal plate (metal thin film) 

12, 61, 74, 76, and 81,100,112 Opening 

50 Base material 

52 Opening array 

62,102,1 14 Metal thin film 

63, 82, and 83 Substrate 

65 Optical fiber 

70 Light source 

71 Sample 
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72 Scanning chip 

73 and 77 Front face 
75 End of the probe 
78 Photodetector 

80 Light 

84 and 85 Actuator 
110 Group 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 

[Drawi ng 1] 
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[Drawing 4] 




Drawing 1 1 ] 
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[Drawing 5] 
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[Drawing 8] 



http://v^ww4.ipdl.inpit.gojp/cgi-bin/tran_web_cgi_ejje?atw_u=http%3A%2F%2Fww4.^ 8/12/2009 




JP,1 1-072607, A [DRAWINGS] 



Page 4 of 5 




[Drawing 10] 
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[Drawing 12] 




[Drawing 14] 
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[Translation done.] 
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